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Regeneration of Phylica arborea, a myrmecochorous species 
occurring on Gough Island, is failing on plateau areas on 
the Island. Regeneration only occurs on slip faces on steep 
slopes. Some data are presented to show that this could be 
attributed to the presence of an introduced rodent , Mus 
musculus. This rodent occurs on the island in 
comparatively high densities. It is an omnivore and feeds 
extensively on grain. Experiments showed that it can find 
seed of P. arborea and that seeds are consumed during 
field trials. Tests were also conducted to show that 
elaiosomes of P. arborea are still attractive to ants and that 
they will bury the seeds. It is speculated that regeneration 
fails since there are no ants on the island, seeds are not 
buried, and the introduced small mammal consumes all 
available seed. 
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Verjonging van Phylica arborea, 'n plantsoort met sade wat 
deur miere versprei word, kom nie meer op die plato· 
gedeeltes van Gough Eiland voor nie. Jong plante word 
slegs op grondverskuiwings aangetref. Data wat daarop dui 
dat hierdie verskynsel toegeskryf kan word aan die 
teenwoordigheid van 'n uitheemse soogdier, Mus musculus 
word aangebied. Hierdie muis kom in redelike hoe digthede 
op die eiland voor. M. musculus is 'n omnivoor en vreet 
baie saad. Eksperimente is gedoen wat daarop dui dat die 
muis in staat is om sade van P. arborea in die veld op te 
spoor en te vreet. Toetse is ook gedoen om te wys dat 
miere wei die elaiosome van P. arborea kan opsoor en dat 
hulle die sade begrawe. Dit word gespekuleer dat 
verjonging faal omdat daar nie miere op die eiland is om 
die saad te begrawe nie, en die muis, M. musculus, al die 
beskikbare saad opvreet. 
S.·Afr. Tydskr. Plantk. 1986, 52: 463-466 
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Introduction 
Diaspores (hereafter referred to as seed) with elaiosomes (or 
food bodies), are normally dispersed by ants (Berg 1975). Once 
an elaiosome-bearing seed is released by a plant, ants collect 
and carry them to their nests where they remove and eat the 
elaiosome. The seed is then either left in the nest or deposited 
on a nearby refuse heap (Sernander 1906; Berg 1975). There 
is considerable speculation as to the adaptive significance of 
myrmecochory (Berg 1975; Milewski & Bond 1982; Westoby 
eta/. 1982). Movement of seed into a 'safe' environment is 
one of the suggested advantages to be derived from seed 
burial. If seeds are not buried, predation levels are high and 
regeneration fails (Bond & Slingsby 1984; Bond & Breytenbach 
1985). I report here on a 'natural experiment' where a myrme-
cochorous plant exists in the face of an alien predator, but 
in the absence of any dispersal agent. One of the naturalized 
plant species occurring on Gough Island comes from a decided-
ly Cape genus, Phylica. The species now occurring on Gough 
Island, Phylica arborea Thouars is endemic to the Tristan 
group of islands (Wace 1961). It has retained most of the 
generic characteristics, one of which is a seed with an elaiosome. 
Gough Island has no ant fauna (J. Crafford pers. obs. & 
N. Wace pers. comm.), but mice, (Mus musculus Linneaus) 
were accidently introduced to the island more than a hundred 
years ago. They have proliferated and high densities have been 
reported at least since 1956 (Wace 1961). Wace however 
claimed that they have a 'negligible effect' on plant life. M. 
musculus is an ubiquitous species and will feed on virtually 
any edible material that is available (Myllymiiki 1979). 
I visited Gough Island during October and November 1984. 
This situation allowed me to test the following hypotheses:-
(i) Post dispersal seed survival, and hence seedling establish-
ment would not be influenced by the presence of an 
introduced granivorous small mammal and this would 
then support Wace's (1961) idea that they have a negligi-
ble effect on plant life; 
(ii) The elaiosome would still be attractive to ants, and they 
would still bury the seeds in spite of the species having 
evolved without ants being present. 
Finally I speculate on the consequences of P. arborea 
becoming locally extinct on Gough Island. P. arborea forms 
an important component of the system, and is dominant in 
the overstorey of several of the plant communities that have 
been described from the island (Wace 1961). 
Study area 
Gough Island lies to the south-west of the African continent, 
at approximately 40°21' S and 9° 58' W. The island, part 
of the Tristan group of islands, is only some 300 000 years 
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old and has been colonized by plants mostly from South 
America. Several plant associations have been described (W ace 
1961). A few plants with an African origin have however also 
found their way to these islands. Amongst these is P. arborea. 
It forms dense thickets on the eastern half of the island but 
is not encountered above 450 m above sea level (Wace 1961). 
It is not clear how Phylica first reached these islands. There 
are no land living birds that move between islands or the 
African mainland and the islands, and the only land-living 
species is endemic to Gough (Cooper pers.comrn.). It therefore 
seems unlikely that it could have reached the islands through 
endozoochory. They have nevertheless reached several of the 
south sea islands, and P. arborea now occurs on the Tristan 
d' Achuna group, Mauritius and Amsterdam Islands (Pillans 
1942). 
The island has a temperate maritime climate. Rain occurs 
throughout the year and exceeds 3000 mm. Temperatures 
rarely exceed 25°C and drop to below freezing point only 
above 300 m above sea level. Mean annual temperature is 
12,8°C (Wace 1961; Weather Bureau unpublished records). 
Methods 
Regeneration patterns in P. arborea were assessed by measur-
ing the stem circumference of individual plants. It was assumed 
that if regeneration was occurring, plants in all size classes 
would be encountered, with the distribution more likely to be 
negatively than positively skewed ie. more young than old 
plants. If no young plants occurred it is likely that regeneration 
could be highly episodic or could be failing due to some newly 
introduced extraneous factor. The stem circumferences of 
dead trees were also measured. It was predicted that the 
distribution in size classes of dead trees should be different 
from those of live trees. It was assumed that death would 
be a function of age and hence senescence. If this is so, the 
size distribution of dead trees should be positively skewed, 
i.e. more large than small trees. 
M musculus densities were determined by capture-removal 
techniques. Traps were set out at 5 m intervals. Traps were 
placed in as straight a line as possible, but on one of the lines 
a circular pattern was followed. Sherman and Elliot live traps 
were used for this purpose. Animals were removed from the 
traps every day and killed. Densities were estimated by as-
suming the following:-
(i) All animals were captured, 
(ii) Effective trap range was 25 m (Breytenbach 1982), 
(iii) Trap lines were straight. Effective trap area was 
therefore calculated from a rectangle bisected by a 
straight line. 
To show that M. musculus would be capable of finding 
and eating P. arborea seed, twenty depots with five seeds each 
were established and the rate of seed loss due to predation 
was recorded. 
To test the latent role of the elaiosome, seeds were brought 
back to South Africa, and exposed to two ant species, Myr-
mecaria fusca Stitz, and Acantholepis capensis Mayr. Both 
species have been shown to carry myrmecochorous seeds to 
their nests (Bond & Slingsby 1984; Bond & Breytenbach 1985). 
Fifty seeds were presented to the ants during each trial. Seeds 
both with, and without elaiosomes, were used. 
Results and Discussion 
Recruitment to P. arborea populations 
It was difficult to standardize on the position at which stem 
measurements were taken. P. arborea on Gough Island has a 
peculiar growth form. Trees grow to some 3,5 to 4,5 m. When 
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reaching this height they invariably blow over and have a 
nearly procumbent stem (see also Wace 1961). The plant 
however, continues growing and the length of the procumbent 
bole could be 15 to 25 m. Since the surrounding vegetation 
overgrows the stems, and in some cases buries it to a depth 
of I m, it is not possible to standardize on the place of 
measurement without excavating the bole and looking for its 
origin. Since Gough Island is a nature reserve of high standing, 
this was not considered either ethical and/ or practical. The 
procedure followed was to trace the bole back as far as 
possible to its origin and measure the stem circumference at 
this point without making any excavations. 
Regeneration has apparently failed for some time (Table 1) 
on the plateau areas in the vicinity of the South African 
Weather Bureau base at Transvaal Bay on the east coast. No 
trees with a circumference of less than 40 em were recorded 
in the survey. The same applies to dead trees which abound 
in the area {Table 1). Living trees had larger stem circum-
ferences than the dead trees (t = 2,38, P = 0,05). Since 
exceptionally large stem circumferences were not recorded it 
is assumed that trees have a limited life span. No small dead 
trees were found and hence senescence is assumed to be related 
to age. Large scale die-off could therefore be expected over 
the next couple of years, since senescence has only recently 
set in. It is possible that the smaller stem circumference as 
recorded for the dead trees could be a response to moisture 
loss and drying out of the stems. Even if this is so, it is evident 
that no regeneration has occurred on the plateau areas. 
Regeneration did however take place in one area on the 
plateau. A new radio mast was erected at the weather bureau 
base in 1978. Here four young plants were recorded (Table 1). 
P. arborea trees were cut and removed before the mast was 
erected, and soil was disturbed by building activities (M. Bester 
pers. comm.). 
Table 1 Distribution of stem circumference of live and 
dead Phylica arborea trees sampled in various areas 
on Gough Island. Stem circumference is given in em 
(midpoint of each class) 
Circumference classes 
Area 15 25 35 45 55 65 75 85 95 105 115 
Living trees on 
plateau 0 0 0 4 12 12 6 2 2 0 0 
Dead trees on 
plateau 0 0 0 4 10 6 4 2 0 0 0 
Disturbed areas:-
Mast erection site I 2 I 0 0 0 0 0 0 0 0 
Slip face 8 22 12 0 0 0 0 0 0 0 
Elsewhere on the island soil slips frequently occur on steep 
slopes. On the slips P. arborea regeneration was prevalent 
{Table 1). Virtually no large trees were left on the slips. In 
other areas young trees were scarce. Wace (1961) also noted 
that P. arborea seedlings were prevalent on peat slips and 
stated that 'Phylica ... colonize peat slip areas . . . in ad-
vance of the vegetatively spreading Histiopteris.' The slip I 
sampled occurred in 1978 (M. Bester pers. comm.). Trees 
recorded on the slip face and the mast site were therefore of 
the same age. If the single large-stemmed individual that 
survived the landslide is ignored, there was no difference in 
stem circumference between trees occurring on the mast site 
and the slip face (t = 1,07; P > 0,3). Young plants on peat 
slips appear to be of the same age {Table 1). 
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M. musculus densities 
Four sites were trapped and the number of M. musculus 
captured in 650, 440, 600 and 360 trap days were 220, 114, 323 
and 90 animals respectively. Since 50 traps were used at sites 
I and 3, and 40 at sites 2 and 4, the area trapped is estimated 
to be 1,2 ha and 0,97 ha respectively. To estimate densities 
I assumed that the captured animals presented the total popu-
lation for the area trapped. This therefore means that if any-
thing, densities are underestimated. Densities were estimated 
to be between 80-170 animals ha -I (Bester et a!. 1985). 
These densities are some of the highest ever recorded for small 
mammals (Southern 1979). 
Mice were quite capable of finding seed placed out in 
depots. Unfortunately, no equipment was available to set up 
rodent exclosures. I can therefore only assume that the seeds 
were taken by M musculus and not by some other granivorous 
animal. None of the native vertebrates are granivorous, no 
sign of seed predation by invertebrates was noted and hence 
the assumption is probably valid. Depots were placed out 
along metal catwalks in the vicinity of the weather base, in 
the open where they could be monitored easily. Experimental 
results were confounded by a heavy rainstorm and several of 
the seeds could have been moved by raindrop impact. Never-
theless, of the 200 seeds placed out in 20 depots 130Jo had 
been removed after 36 h. After this however, heavy rains 
occurred and it is not known whether the loss during this 
period can be ascribed to predation by mice. Nevertheless after 
a further 12-h period another 20% of the seeds had disappear-
ed. Six days after the start of the experiment, only two seeds 
remained. It is interesting to note that the elaiosomes had 
accidently be~n broken off these two seeds at the start of the 
trial. It has been shown that small mammals can detect seeds 
with elaiosomes and will actually go as far as digging them 
out when buried (Bond & Breytenbach 1985; F. Botha pers. 
comm.). In field trials it has been established that for myrrne-
cochorous Proteaceae at least, se~ escape is virtually impos-
sible unless the seeds are buried. If the mice had not been 
able to find the two P. arborea seeds that survived because 
of the missing elaiosomes, strong selective forces against the 
presence of an elaiosome might be at work. 
The potential rate at which seed could be consumed by M. 
musculus was calculated. I assumed M. musculus would be 
capable of consuming seeds at the same rate as was recorded 
for other small mammals (Rodentia) in the southern Cape. 
According to these findings, Acomys subspinosus (Water-
house) which has a similar biomass toM. musculus, consumes 
some 200 Protea repens (L.) L seeds per day (Breytenbach 
1982, unpublished data). M. musculus should therefore be 
capable of consuming some 800 to 1000 P. arborea seeds per 
animal per day. Since small mammal densities varied between 
80 and 170 animals per hectare in the sampled P. arborea 
habitats, M. musculus could potentially consume between 
64000 and 170000 P. arborea seeds per hectare per day. From 
casual observations it seems that each tree would be producing 
and releasing seed over a 30- to 40-day period. In order to 
swamp the predators with seeds, plants will have to produce 
between two and seven million seeds per hectare during the 
40-day period of production. This represents the minimum 
number of seeds that have to be produced. Myrrnecochorous 
seeds usually go through a dormant period and do not ger-
minate immediately after release. Given a period of two to 
three months before germination occurs, it is estimated that 
the annual production of seed will have to be in excess of 
24 million seeds per hectare. This, of course, is based on the 
assumption that it is a preferred food type and that this is 
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all the mice will feed on. The flowering phenology of P. 
arborea on Gough Island is not synchronized and plants in 
all reproductive phases were recorded during November 1984. 
This phenomenon therefore makes it even more unlikely that 
the plant will be able to swamp its main predator through 
a mast fruiting strategy. 
It is therefore conceivable that the lack of seedlings on the 
plateau area could be ascribed to small mammal predation. 
Nevertheless, it must be pointed out that some myrmecochorous 
plants have very specific germination requirements, such as 
fluctuating temperatures with both minimum and maximum 
requirements (G. Brits pers. comm.). It seems unlikely that 
a species that has managed to colonize habitats that cover 
a disturbance gradient which includes both frequently (slips 
on steep slopes) and rarely disturbed (plateau) sites, will have 
very specific germination requirements. Wace (1961) also 
recorded seedlings as occurring 'sporadically' on the centre 
of peat slips. One possible explanation for this phenomenon 
is that seeds get buried during the occurrence of slips and that 
they escape predation in this way. 
Functionality of the elaiosome 
P. arborea seeds were brought back to South Africa and were 
offered to ant colonies kept in the laboratory. Ants were fed 
on birdseed, oats and sugar. Colonies (two each of A. capen-
sis and M. jusca) were allowed to settle down and P. arborea 
seeds were only introduced into the vicinity of the nests after 
7 days. By this time the ants had resumed foraging. Seeds 
with and without elaiosomes were offered to the ants. 
Only those seeds with elaiosomes were moved and taken 
to the nests. Removal rates were fairly high, some fifty seeds 
being moved within a 25-min period, once removal started 
(Table 2). The seeds were collected at Gough Island and stored 
at room temperature for nearly 30 days before use. Seeds were 
severly infected by fungi at this stage and if anything, removal 
was probably slower than what it would have been, had fresh 
seeds been used. None of the seeds from which the elaiosome 
had been removed was buried by the ants . 
Table 2 Number of P. arborea seeds moved 
and buried by two ant species from the time of 
discovery of the seed source 
Species 
Myrmecaria jusca 
Elaiosomes intact 
Nest I 
Nest 2 
Elaiosomes removed 
Both nests 
Acantholepis capensis 
Elaiosomes intact 
Nest I 
Nest 2 
Elaiosomes removed 
Both nests 
Number of min since seeds 
were discovered 
5 10 15 20 25 
8 20 43 50 
15 33 50 
0 0 0 0 0 
3 12 44 50 
9 28 47 50 
0 0 0 0 0 
Potential consequences of local extinctions of P. 
arborea 
P. arborea generally grow only below 300 m altitude. They 
form dense thickets, and grow on both steep slopes and 
plateau areas (Wace 1961). Where the canopy is dense there 
466 
is very little growth below the tree. Histiopteris incisa (fhunb.) 
J. Sm. and Dryopteris aquilina (Thouars) C. Chr. form a 
dense layer in situations where the canopy is open (Wace 
1961). On the plateau area, a possible sequence leading to 
the no cover situation under a dense canopy was observed. 
Once a tree had reached a height of some 3 m it would invari-
ably be blown over by the wind. The procumbent stem has 
considerable lateral movement and all the vegetation under 
the tree would systematically be killed by the moving branches 
and a bare patch results. H. incisa are capable of colonizing 
these bare patches and grow under the very dense canopies 
once the trees have started growing erect again. 
Loss of P. arborea from the area could also affect Gough 
Island's bird life. The noddy tern, Anous stolidus (Linnaeus) 
breeds in trees. Since P. arborea is virtually the only plant 
on the island which is arborescent, this could have severe 
implications for the noddy tern. The only other tree on the 
island is Sophora macnabiana Grah. which occurs only in two 
small isolated patches and consists of fewer than 30 individuals 
(Wace 1961). The yellow nosed albatross (Diomedea chloro-
rynchos Gmelin) is also frequently seen breeding in the vicinity 
of P. arborea trees. Many of their nests are built on tussocks 
on the leeward side of the trees where they probably find 
shelter against the wind. Many other forms of shelter, such 
as banks, rocks and tree ferns (Blechnum palmiforme Christ-
ensen) are however also used by these birds. It is therefore 
unlikely that this species would be seriously affected. 
Conclusions 
It has been argued that one of the benefits to be derived from 
ant dispersal could be removal to a site where loss of seed 
to predators would be minimal (Westoby eta/. 1982; Bond 
& Slingsby 1983; Bond & Breytenbach 1985). On Gough 
Island where no ants occur, it seems that in those situations 
where P. arborea seed are not buried in some way, e.g. by 
land-slips, no regeneration occurs. The absence of a dispersal 
agent and the introduction of an alien predator on Gough 
Island could result in localized extinctions of P. arborea. 
However, this study has not shown conclusively that seed loss 
can be wholly ascribed to predation by mice. Future studies 
should:-
(i) Use exclosures in a controlled experiment, 
(ii) Show that lack of regeneration cannot be attributed to 
a specific germination cue, 
(iii) Show that lack of regeneration is not due to competition 
between seedlings and established plants. 
There are however, data available that show that P. phylica 
seeds germinate easily (Wace pers. comm.). Furthermore, data 
from communities which are characterized by single aged 
stands indicate that the competition hypothesis does not hold 
for several species (Breytenbach 1984; O'Dowd and Gilll984). 
Nevertheless, to show conclusively that seed predation controls 
regeneration, the potential effect of germination and competit-
ive factors must be tested experimentally. 
If attempts are going to be made to maintain P. arborea 
on plateau areas on the island, the best strategy would be to 
collect seeds and to plant them, some 2 em below the surface. 
A similar strategy could be developed on Tristan d' Achuna, 
where P. arborea has largely disappeared from the vicinity 
of the town. The trees were used as fire wood. Attempts have 
been made to introduce alien plants that could be utilized as 
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fuel (Wace pers. comm.). It would be to the islanders' ad-
vantage to rather attempt growing P. arborea than to use 
aliens such as Leptospermum laevigatum F. Muell., which 
is wind dispersed and could easily become an invasive alien 
problem. 
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